Abstract
Optimum lime content identification for lime-stabilised The rising price of energy and a recognition of the human impact on climate change has resulted in growing interest in environmentally-friendly construction techniques such as rammed earth. Modern rammed earth is generally stabilised with small quantities of Portland cement in order to improve its strength and durability, however an alternative is to use lime to stabilise the raw soil. This is common practice in road construction, for example, but is less common in RE. This paper presents experimental results illustrating the existence of an optimum lime content that maximises the unconfined compressive strength and stiffness of an engineered lime-stabilised rammed earth and the experimental procedures employed to determine it. The effect of curing regime (oven as opposed to natural drying) on the final unconfined compressive strength of the material was also investigated. An optimum lime content for the tested soil has been identified and several methods to determine its rough value presented which have the potential to reduce testing times and so associated costs. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 clay, availability and transportation, lime stabilisation can represent a more 29 efficient solution than Portland cement for the improvements of the material 30 mechanical properties (it is well established that using Portland cement to 31 stabilise clayey soils does not always produce the expected enhancements in 32 terms of material performance). In Australia, the cost of lime and Portland 33 cement is fairly similar.
34
The interaction between lime and soil has been studied by several authors 35 and it is quite understood that lime stabilisation improves the strength, stiff-36 ness, plasticity/workability and water adsorption of the raw soil [13, 14] . The 37 lime-soil reaction can be described by three general phenomena: i) cation ex- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 provided at the end of this paper in Section 5. shown in Figure 1 . The gravel component was sieved to pass a 10 mm sieve.
84
Unstabilised RE materials are compacted at their optimum water con- struction and it would be both unrealistic and impractical to use moulding 97 water contents different from it. The assessment of stabilised soil mixes with 98 other than optimum initial water contents is therefore beyond the purpose 99 of this paper, but is discussed elsewhere [11, 12] 
111
For these reasons, the MPT was used in this study.
112
The MPT for the unstabilised material was performed according to AS 1289. allowed for the repeatability of the procedure to be assessed in a systematic 154 manner. These specimens are hereafter referred to as "A-series" specimens.
155
For many years and due to the lack of proper standards, stabilised earthen to those of oven-dried specimens [17] . For this reason, additional specimens 166 were manufactured (using the same procedures discussed above) and allowed 167 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 to cure under identical conditions to A-series specimens for 28 days before be-
168
ing oven-dried at 105
• C for additional 24 hours prior to UCS testing. These 169 are hereafter referred to as "O-series" specimens. Again, five specimens were 170 tested per lime content. will therefore no longer be used in this paper to investigate LSRE properties. 212 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 [4], who demonstrated that this phenomenon was due to the limited amount 218 of water available to hydrate the amount of lime, so that the material was 219 effectively "lime saturated" for lime contents above the OLC; this is discussed 220 in more detail later in this paper. It might be worth to notice again that, as 221 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 however, imply that the compactive effort was not the same for all specimens.
246
In the study presented here, however, all specimens were manufactured using 247 the same compactive effort but at water contents equal to their OWC, which 248 varied with lime content. testing in order to be substantiated.
265
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296
UCS specimens were tested between Teflon sheets to reduce confinement The pH of the resulting slurry is then tested with a pH meter calibrated 365 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 to a pH 12 buffer solution. The OLC corresponds to the lime content 366 required to produce a soil water pH of 12.4, lime saturated solution.
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418
• the formula E = 300 × f c proposed by NZS 4297:1998 seemed to be ap-
419
propriate for predicting the order of magnitude of the stiffness of LSRE.
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